Objective: Addressing the complexity of multiple health problems in the older population, the objective was to identify combinations of functional limitations for use in simulation analysis, to enable predictions of the potentially most severe person-environment fit (i.e., accessibility) problems among groups of older persons. Method: Utilizing data from 1,542 persons aged 75 to 89 years and applying Configuration Frequency Analysis, we tested which combinations of functional limitations that occurred more or less often than expected. Significant combinations were defined as type profiles and used in simulated accessibility analyses. Results: Eleven combinations occurred more often and eight less often than expected (p < .05). Simulations with ten type profiles predicted varied patterns of accessibility problems. Conclusion: The use of type profiles has potential to contribute to the knowledge of combinations of functional limitations among groups of older persons. Variation in predicted accessibility problems for different type profiles helps identifying priorities in societal planning.
Introduction
Multiple medical and health-related problems are common in the older population (Karlamanga et al., 2007) . Moreover, not only prevalence of comorbidity increases with age, but also dysfunction in body systems and limitations in physical performance. Older persons generally experience a gradual decline in physical capacity (Verbrugge & Jette, 1994) , manifested as functional limitations (Nagi, 1991) such as difficulties in moving, in bending and kneeling, in poor balance, reduced ability in handling and gripping, etc. Coexistence of several such conditions complicates health care-related assessments, decisions and preventive measures; considering them in isolation may compromise validity. The knowledge of the prevalence of multiple conditions or combinations of conditions and how to make use of such knowledge, for example, in research on ageing and public health is still limited. Sound methodology is a basic prerequisite, but there is no standard analytical approach to study this complexity. The potential benefits of extending the knowledge in this field and at the same time finding feasible ways of analyses are considerable, as functional limitations themselves have been shown to have predictive value for various health-related outcomes, including medical as well as economic aspects (Guralnik & Ferrucci, 2003) .
In research on ageing, there is an increasing interest for studying personenvironment relationships, of relevance for example for societal planning issues such as housing provision for senior citizens (Wahl & Iwarsson, 2007) . The aspect of person-environment relationships in focus for the current study is accessibility, an outcome that has been focused both in research and political debate during recent years. Based on recent findings consistently demonstrating relationships between housing accessibility and aspects of health (see, for example, Oswald et al., 2007) , it is imperative from a public health perspective to make the built environment accessible for all, regardless of functional capacities (United Nations, 2006) . Underlying the concept of accessibility is Lawton and Nahemow's ecological model of ageing (Lawton & Nahemow, 1973) , also referred to as the competence-press or person-environment (P-E) fit model. This model defines the person in terms of a set of competencies, and the environment in terms of its demands, called environmental press. With the addition of the docility hypothesis (Lawton, 1986) , stating that those with lower personal competencies are more vulnerable to environmental press, whereas those with higher competencies can withstand greater environmental press, this has become one of the most influential P-E fit models. According to the model, a balance between the individual's competence and the environmental press can be achieved by changing one or the other component, or both. A very important implication is that a person's level and range of action can be maintained or improved, even if the functional competence deteriorates, provided that the demands made by the environment are lowered at the same time. Applying the notion of P-E fit to accessibility, this means that accessibility theoretically can be achieved for all citizens, regardless of functional capacities, if the environmental demands are sufficiently reduced.
Based on the ecological model of ageing and the notion of P-E fit, a methodology for assessing accessibility problems has been established (Iwarsson & Slaug, 2001) , originating from the so-called Enabler Concept (Steinfeld et al., 1979) . The principal idea of this methodology is that accessibility problems can be estimated by combining data on the individual's functional limitations (personal component), with data on presence of physical barriers in the environment (environmental component). Applying this methodology in empirical research on individuals in their actual environments as well as in professional practice, extensive evidence of the validity of accessibility as a relevant variable in research on ageing, rehabilitation, and public health have been published (see, for example, Oswald et al., 2007) , and the relevance for practice has been reported on (see, for example, Fänge, Risser, & Iwarsson, 2007) . This methodological platform constitutes the framework for this study.
However, to be able to validly capture accessibility problems on a societal level, applying a public health perspective, it is necessary to further develop this methodology for group-rather than individual-based approaches. Since the personal component is crucial for the generation of accessibility problems (Iwarsson & Ståhl, 2003) , one basic condition for further methodological development is to increase the knowledge about the occurrence and interaction of combinations of functional limitations (Guralnik & Ferrucci, 2003) in different target groups. One such group of particular importance for societal planning is the older segment of the population, as we know that older people often have more than just one functional limitation.
Even though there are studies reporting the prevalence of single functional limitations (Barbotte, Guillemin, Chau, & Lorhandicap Group, 2001) , there are few studies that explicitly focus on the combinations of functional limitations and/or methodological approaches suitable for such research. In one study, Carlsson, Iwarsson, and Ståhl (2002) used cluster analysis in an attempt to explore associations within combinations of functional limitations. However, the results were not sufficiently conclusive to establish it as the methodology of choice. That is, even though the sample size was only 72 cases, cluster analysis resulted in 25 different combinations of functional limitations to consider. Although several studies of combinations of diseases or medical conditions recently have been published (Crisafulli et al., 2008; Karlamangla et al., 2007; van den Akker, Buntinx, Roos, & Knottnerus, 2001) , the extensive literature search accomplished for the current study highlighted the lack of similar research concerning functional limitations, also confirmed by a recent review article (Alves, Leite, & Machado, 2008) .
Based on the notion of P-E fit, combinations of functional limitations implies a set of concerns regarding the environmental design from an accessibility point of view, where even conflicting considerations may need to be balanced and evaluated. Consequently, it would provide important information for physical planning purposes to know whether the presence of some functional limitations is associated with the presence or absence of others. For example, as loss of sight and limitations in movement taken separately calls for very different environmental design to prevent accessibility problems, it would be valuable to know if they are more or less likely to occur together. By not only considering how frequently different combinations occur but also the strength of their internal associations, additional information would be provided. Such information could be of particular use in situations where knowledge of the full panorama of functional limitations is limited; that is, if the occurrence of some functional limitations is known, then the probability for other functional limitations to occur or not in combination could be estimated. Thus, there is a need to assure by means of statistical testing, that combinations appearing to indicate stronger internal associations do not merely represent chance findings. To achieve this analytical goal, we have explored a statistical method not commonly used within this research field, configurational frequency analyses (CFA; Krauth & Lienert, 1982) , which has been specifically developed to analyze combinations of dichotomous variables, in terms of their internal associations. Furthermore, after the identification of relevant combinations, such combinations could be used to define type profiles of functional limitations on group or population level. That is, type profiles can be regarded as representing different groups of people, characterized by their specific combinations of functional limitations.
With such knowledge at hand, to explore outcomes in terms of sets of priorities for improved housing accessibility for different groups of people, additional steps of methodological development are needed. One specific challenge in research on ageing and environments is that large-scale experiments are not feasible to conduct. Within research on population health and health care delivery, there has been a growing use of simulation techniques (Fone et al., 2003; Gaba, 2004) . As such techniques are especially appropriate when you want to predict the results of changing some preconditions, for example the characteristics of the target group, they might be useful in research based on the notion of P-E fit. Without implying any statistical simulations per se, basic analyses can be made by calculating various outcome variables for different predefined scenarios (Gaba, 2004) .
The overall purpose of this methodological study was to generate knowledge on combinations of functional limitations and to lay the ground for further methodological development. The specific aim was to identify relevant combinations of functional limitations among groups of older persons, to define these combinations as type profiles and to use them in simulated accessibility analyses, thereby enabling predictions of the potentially most severe accessibility problems for different groups of older persons.
Method

Database and Data Collection
For this study, part of the ENABLE-AGE survey study database was utilized, comprising data on personal and environmental variables among persons aged 75 to 89 years, in national samples from four European countries (N = 1,542). The ENABLE-AGE Project is a cross-national, interdisciplinary research project, focusing on home and health. Details of the project have been published elsewhere (see, for example, Oswald et al., 2007) .
The national sample characteristics and sizes were the following: Latvia, 75 to 84 years (n = 303), Germany, 80 to 89 years (n = 450), Sweden, 80 to 89 years (n = 397), and Hungary, 75 to 84 years (n = 392). Women constituted 80% of the study sample. Basic demographic characteristics for the total sample are given in Table 1 . All data of the ENABLE-AGE Survey Study were collected at home visits by raters trained for reliable administration of an extensive set of instruments.
The Housing Enabler Instrument
One of the instruments used in the ENABLE-AGE Survey Study, to capture housing accessibility was the Housing Enabler (HE; Iwarsson & Slaug, 2001 ). This instrument consists of an assessment of the personal component of P-E fit, that is, presence or absence of functional limitations such as "Severe loss of hearing," "Prevalence of poor balance," "Difficulty in handling and fingering," etc. (13 items), and dependence on mobility devices (2 items), and an assessment of the environmental component of P-E fit, that is, presence or absence of physical environmental barriers (188 items). The functional limitations as well as the environmental barriers were assessed by trained raters who have acquired their expertise and knowledge through special training courses. All the functional limitations are assessed by means of a combination of observation and an interview with the participant, following detailed instructions and definitions for each item provided in a manual (Iwarsson & Slaug, 2001) . The assessment of the environmental barriers follows an extensive checklist, where barriers are defined in relations to national guidelines and standard specifications. Based on the assessments of the personal and environmental components, a score representing the predicted magnitude of accessibility problems in each case can be calculated. The score is calculated by use of a matrix comprising predefined severity ratings of 0 to 4, where the profile of functional limitations and use of mobility devices identified in each person is juxtaposed with the environmental barriers found present in the home environment; higher scores mean more accessibility problems (Iwarsson, 2005) .
Content and construct validity as well as interrater reliability of the HE have successively been strengthened (Iwarsson & Slaug, 2001) , in Swedish (Fänge & Iwarsson, 2003; Iwarsson & Isacsson, 1996) as well as in cross-national (Helle et al., 2010; Iwarsson, Nygren, & Slaug, 2005) empirical studies. The instrument is being used in research on ageing and occupational therapy research (see, for example, Iwarsson, 2005) as well as in municipality practices (Fänge & Iwarsson, 2005 , 2007 and for building up databases useful for housing planning and provision .
Items, Categories, and Profiles of Functional Limitations
To define the functional limitations of an individual in this study, we used the items that make up the personal component of the HE instrument, with the exception of the item "Extremes of size or weight," as the validity of this item has been questioned (Jensen, Iwarsson, & Ståhl, 2002) . It should be noted that two items in the HE instrument are treated as belonging to the personal component, though they actually concern use of mobility devices. This is based on the argument that use of mobility devices can also be seen as a manifestation of a worsening condition in a functional limitation present. Furthermore, as the ultimate aim of this study is to support societal planning, for example, housing provision for senior citizens, use of mobility devices is particularly important as they pose extra challenges on the design of the physical environment (Brandt et al., 2008) . Thus, the personal component used for this study comprised 12 items of functional limitations and two on use of mobility devices, with occurrences as presented in Table 2 . With 14 items of functional limitations/use of mobility devices, the number of theoretically possible combinations is 2 14 = 16,384. To reduce this number and to increase the likelihood of identifying relevant combinations, we decided to join single items of functional limitations into broader categories. In accordance with the aim of the study, the basic principle was to join items that contribute to the magnitude of accessibility problems in a similar manner. To arrive at a statistically manageable number of categories, we used an approach of several parallel steps, where different perspectives were considered. We tested the internal correlation of the items, both in our empirical data and in the scoring potential of the items as predefined in the HE instrument (Iwarsson & Slaug, 2001 ). We asked an experienced occupational therapist (OT) to categorize the items without any knowledge of the results of the correlation analyses and only based on her professional knowledge of which items that by experience may result in similar accessibility problems. Furthermore, through discussions taking the outcomes of the correlation analyses into consideration, together with the OT suggestion and reviews of relevant basic concepts in the International Classification of Functioning, Disability, and Health, ICF (WHO, 2001), we came up with a list where the 14 items were categorized into six broader categories (Table 3) . Just as in the original items of the HE, these categories were treated as dichotomous variables in the forthcoming analyses, with the values of 1 or 0 (presence/absence of a category of functional limitations). For those categories that included more than one functional limitation item, one item present was sufficient to assign the category the value of 1. Consequently, a category with the value of 0 meant that all the functional limitation items included were absent. For an overview of the categories, see Table 3. The six categories could then theoretically be combined into 64 different patterns, ranging from 0 on all to 1 on all six categories. Such patterns, combining different values of presence or absence of all these six categories, together formed what we call profiles of functional limitations. However, including only persons with at least one functional limitation in the analysis, we in fact reduced the number of profiles that theoretically could occur from 64 to 63. In Table 4 , the occurrences of the profiles of functional limitations in our sample are listed in descending order. 
Statistics
At the prospect of this study we explored a statistical method, CFA (Krauth & Lienert, 1982) , which is particularly adequate for analyzing combinations of dichotomous variables, in terms of their internal associations. Basically, CFA implies statistical testing of whether the occurrence of a combination is significantly higher (overrepresented) or lower (underrepresented) than expected, relative to the individual occurrence of each functional limitation. The expected occurrence is calculated by multiplying the probabilities of the individual occurrence of each of the functional limitations. Thus, an overrepresented profile indicates stronger internal associations of the functional limitations within the combination, whereas an underrepresented profile indicates weaker internal associations. We ran the CFA analysis on the ENABLE-AGE Survey Study database, testing the theoretically possible combinations of functional limitations on all four national samples, together and separately. Only participants with at least one functional limitation were included in the CFA (n = 1,333), as the explorative goal of this analysis was specifically to detect relevant combinations among those with the presence of functional limitations. The use of CFA is a novel, yet promising approach to achieve this analytical goal. CFA employs a rather simple and straightforward algorithm, which is not constrained by the complicacies that other alternative approaches, such as the more common methods of hierarchical cluster analysis and principal component analysis, unfold in analyzing dichotomous variables (see, for example, Rencher, 2002) .
From the results of the CFA analyses, we targeted those profiles of functional limitations that came out as statistically significant (p < .05), either as occurring more or less frequently than expected, relative to the individual occurrence of each functional limitation. However, to have profiles that appear meaningful to analyze, we also limited the targeted profiles to those that occurred with a frequency of at least ~2 % of the total sample. For comparing/contrasting reasons, we decided to include the significantly underrepresented profiles in the next steps of the analysis procedure as well.
Simulations
The ten targeted profiles were then explored as type profiles in simulated accessibility analyses. Simulations here only imply that instead of using the empirical data for the environmental barrier items, in the analyses, the barriers were treated as they were all present. In that sense, "worst-case scenarios" were simulated. For every person, we thus calculated accessibility scores for all of the 188 environmental barriers, in accordance with the type profile adherent to their actual combination of functional limitations. In the ordinary scoring procedure, the predefined severity ratings (0-4) in the intersections between functional limitations and environmental barriers are summed up to a total accessibility score. However, since these analyses targeted type profiles with items of functional limitations joined into broader categories, in the current study we used a modified scoring procedure. First, we calculated the average rating for each category of functional limitations, and then summed up the average ratings of the categories. This was done to balance the influence of the limitations within a category. For example, for the type profile "Limitations in movement and limitations in upper extremity" this means the average of ratings for functional limitations D, E, F, G, K, plus the average of ratings for H, I, J (see Table 2 for legends to capital letters). Thereafter, separately for each of the type profiles, the sums of these average scores were calculated for every barrier. In that way, the magnitude of accessibility problems can be predicted on environmental barrier level. Finally, environmental barriers were ranked according to the accessibility scores, thus making it possible to detect varying patterns of environmental barrier ranking among the type profiles. That is, the purpose was to theoretically predict the environmental barriers potentially causing the most severe accessibility problems for different groups of older persons, represented by the type profiles. To limit the length of table presentation, only items that were ranked among the top 20 items by at least one of the type profiles were included.
Results
Profiles of Functional Limitations
Out of the 63 possible profiles, 19 came out as statistically significant (p < .05) in the CFA. Eleven of the profiles occurred more often than expected (overrepresented), and eight occurred less often than expected (underrepresented). Detailed results of the CFA are given in Table 5 , for five over-and five underrepresented profiles, selected as they displayed the highest observed frequencies (at least ~2%). These ten significantly over-or underrepresented profiles covered 73.0% of the cases in our data set. In addition, there were three nonsignificant but frequent profiles with an occurrence ranging from 2.3% to 5.0%, as shown in Table 4 .
The occurrence of the ten significant profiles selected for further analyses, denoted type profiles, ranged from 1.9% to 26.7%. Eight of them included 
Simulations of Accessibility Problems
Simulations of accessibility problems showed different patterns of barrier ranking for the ten type profiles (Table 6 ). When the category "Limitations in movement" was included in a type profile, there was a larger proportion of Outdoor and Entrances items among the top-ranking environmental barriers, compared to type profiles with "Limitations in upper extremity" included. In the latter type profiles, the Indoor items dominated the top ranking barriers. In five type profiles "Wall-mounted cupboard/shelves placed extremely high" and "No grab bars at shower/bath" had the two top positions. In three type profiles with "Severe loss of hearing included," "No telephone with amplified sound" had the top position in two, and in the third, this item was found in position three. In two type profiles with "Loss of sight" included, environmental barrier items related to stairs and lifts held half of the top 20 positions. The type profile including only "Limitations in upper extremity" had items related to apparatus/control handling and door mechanisms in more than half of the top 20 items. Sixty-two (33%) of the 188 environmental barrier items had at least one top 20 position, and 58 (31%) of these had a top 20 position among the significantly overrepresented type profiles.
Discussion
The main contribution of this explorative study was to take further steps in building a useful and practicable methodology for identifying relevant combinations of functional limitations that can be defined as type profiles on group level, applying a public health perspective. In addition to extending the overall knowledge on the occurrences of combinations of functional limitations in a large sample of older people, above all this study demonstrates the potential gain of using type profiles in simulation analyses, with health-related outcome variables. In this study, only very basic simulations were undertaken, ranking the predicted accessibility problems generated by the combination of type profiles of functional limitations and Though there has been an increasing awareness of the value of assessing the functional capacity of older people from a public health perspective (Carlsson et al., 2002; Guralnik & Ferrucci, 2003) , this is still a research field where knowledge is scarce and further progress is required. This study represents a methodologically innovative approach, where we explored and analysed the occurrences of specific combinations of functional limitations in a sample of older people in four European countries. The results deliver new insights as they demonstrated a high occurrence of multicombinations, with just a few combinations that stood out as indicating stronger internal associations of the functional limitations included. In this regard, our results add valuable information to the existing knowledge in this research field, although it should be kept in mind that the results have to be interpreted with caution and need to be replicated in further studies before any inferences can be made.
The choice of CFA as a method to identify relevant profiles of functional limitations was preceded by careful considerations of more conventional statistical methods. As mentioned in the introduction, cluster analyses have been undertaken earlier and pointed out as a possible pathway to follow (Carlsson et al., 2002) . Although that approach was found to be a more promising method than factor analyses, it failed to produce sufficiently conclusive results that could be interpreted and further explored in a meaningful way. Moreover, a weakness of cluster analyses that was discussed by Carlsson et al. is the lack of possibilities for statistical testing of the clusters. That is, cluster analysis is purely data descriptive in resting on subjective decisions, and thus the profiles previously presented were identified only by means of qualitative comparisons of different patterns. By searching and reviewing relevant literature, the CFA was found as a particularly appropriate method for the dichotomous variables we are dealing with (Krauth, 1993; von Eye, 1990) . Compared to factor and cluster analyses, interpretation of CFA results is straightforward; depending on whether it occurs more or less often than expected relative to the individual occurrence of each functional limitation, the tested combination is either overrepresented or underrepresented in the data.
In the current study, the statistical testing applied did not strictly follow the statistical conventions. Running a CFA on six categories implies a multiple testing situation and α-adjustment by use of the Bonferroni correction is conventionally recommended to control for the overall "experiment-wise" error rate. However, the rational of statistical hypothesis testing is not applicable in the conventional sense to an explorative analysis, not based on explicit hypotheses on statistical effects but on a heuristic search for structure in the data. Thus, we decided to consider all combinations for further examination which were significant at the 5% level. As demonstrated by the current results, CFA can be recommended for future studies of this kind.
Although successful for the identification of significant profiles of functional limitations, a concern connected with the CFA regards the presentation of results, and the potential use of these results. As presented in the current study, we assign equal attention to the over-and underrepresented significant profiles. To some extent, this should be seen in the light of the explorative nature of this study, but there are also more fundamental reasons. From a societal planning perspective, it may seem obvious that the overrepresented profiles should be in focus, as they represent combinations of functional limitations with stronger internal associations. However, the underrepresented profiles also constitute interesting findings in spite of weaker internal associations. For example, though "Limitations in movement and limitations in upper extremity" was the second most frequent profile of all, it was also underrepresented, whereas the profile of these limitations in combination with "Use of mobility devices" was both frequent and overrepresented. For comparison and contrasting reasons, and to deepen our understanding of the interaction of functional limitations, the underrepresented profiles thus appear important to present as well. Moreover, these findings indicate that the choice of relevant type profiles in a given situation is dependent on several factors, where strong internal associations of the functional limitations may be one such factor, but high frequencies may be another. To come up with relevant type profiles valid for prioritization in housing planning, many circumstances need to be considered and balanced. In this process, analyses such as CFA give important additional information, supporting decisions of priority setting. Still, although the results of the current study are promising, they only represent a first exploratory step and more studies are required before type profiles can be validly used at population level.
One strength worth noting is the fact that the cross-national sample utilized is large and comprises data from four diverse European countries. The results of the analyses based on the four national samples indicate that when applying CFA, the importance of the size of the sample should not be underestimated.
That is, since only one to four of the significantly over-or underrepresented profiles of functional limitations in the national samples reached statistical significance, the methodological approach presented can only be recommended with large samples. Although useful for an exploratory methodological study of this kind, a limitation that has to be kept in mind is that the sample used is not representative of older people in the population as a whole Oswald et al., 2007) .
One interesting aspect of this study is that it demonstrates the usefulness of basic simulation techniques. In this research field, simulations have so far not been widely used, though potential benefits are obvious as it has been shown for other public health-related areas (Eldabi, Paul, & Young, 2007; Kuljis, Paul, & Stergioulas, 2007) . By matching the type profiles with lists of possible barriers in the environment, outcomes in terms of accessibility problems may be foreseen on a detailed level, even in the form of a ranking order. The impact of combinations of functional limitations on the character and magnitude of accessibility problems is shown by the fact that environmental barriers with high ranking priority for one functional limitation may drop considerably in priority when other functional limitations are added. Besides the demonstration of the dynamics of P-E fit as described in the ecological model of ageing (Lawton, 1986; Lawton & Nahemow, 1973) , in practice, contexts like this can serve as a support for architects and others involved in planning processes concerning housing for different groups of people. That is, already at an early designing stage, such simulations have potential to identify the environmental barriers most important to avoid, depending on the group of inhabitants at target. Different architectural solutions can be compared with regard to predicted accessibility problems, and balanced with other issues under consideration, representing a novel approach that remains to be tested in practice.
In conclusion, the methodology explored here may prove a valuable contribution to research on ageing, rehabilitation, and public health. The type profiles defined add to the existing knowledge of combinations of functional limitations among groups of older persons, though more studies are required to establish validity. The benefit of using computer simulations to predict accessibility problems for groups of people with different combinations of functional limitations deserves to be further exploited. Accessibility problems may be foreseen and taken in to account at early designing stages itself in the process of housing provision. Variation in predicted accessibility problems for different type profiles helps identifying different sets of priorities, and thus supports planning procedures and decisions to foster improved housing accessibility at societal level.
